It has been shown that knitted fabric reinforced thermoplastic composites can be fabricated by compression moulding in two ways namely, film stacking method and co-knitted fabric method. The processability of co-knitted fabric method was better than the film stacking method. Tensile properties in the wale direction of the knitted fabric were higher than those of the course direction.
Introduction
Fabrication of continuous fiber reinforced thermoplastics using stampable sheets and prepreg tows or tapes as raw materials is a common practice. These reinforcement forms are limited to simple shapes. Knitted fabrics are gaining importance in the composite industry owing to their potential for the net shape manufacture of fibre preforms, and for the excellent drapeability of knitted fabric prepregs [1, 2] . Some studies have been carried out on the mechanical properties of knitted fabric reinforced thermoset composites [3] [4] [5] [6] [7] [8] . The primary objective of this work is to fabricate thermoplastic composites using knitted glass fibre fabrics as a reinforcement.
Experimental details
Knitted fabrics with plain weft knit structure were produced using a flat bed knitting machine. Two types of knitted fabrics were produced. 'Simple knitted fabrics' were made by knitting of glass fibre yarns. An optical photograph taken by passing light through the fabric is shown in Figure 1 . A typical simple knitted fabric contained 128 loops per square inch. Co-knitted fabrics were made by simultaneous knitting of glass fibre yarns and polypropylene (PP) fibre yams ( Figure 2) . A typical co-knitted fabric contained 84 loops per square inch. The knit loops of co-knitted fabrics were larger than those of simple knitted fabrics.
Thermoplastic composite laminates were fabricated by compression moulding technique in two ways: 1) film stacking method and 2) co-knitted fabric method. In the film stacking method, 4 layers of simple glass fibre knitted fabrics interleaved with 25 layers of polypropylene (PP) films as shown in Figure 3 . During compression moulding the PP films melt and impregnate the knitted fabrics. In the co-knitted fabric method, 4 layers of co-knitted fabrics were stacked ( Figure 4 ). During compression moulding the PP fibres melt and impregnate the knitted fabrics. Compression moulding was carried out at a temperature 225°C and moulding pressure 6 MPa. The soaking period (impregnation time) at this temperature varied from 3 min. to 30 min. At the end of soaking period, the complete set-up was cooled in air. The thicknesses of laminates made by film stacking method and co-knitted fabric methods were 2.0 mm and 1.6 mm respectively. To check the impregnation a number of sections were cut, polished and then observed using an optical microscope. The fibre volume fractions were determined by combustion method. To study the influence of impregnation condition on the mechanical properties, tensile tests were carried out. Tensile specimens, 200 mm long and 30 mm wide, were cut parallel to the warp and weft directions of the knitted fabric. Tests were conducted using an Instron testing machine at a cross-head speed of 1 mm/min. Fig. 1 Optical photograph of a simple knitted fabric. Fig. 2 Optical photograph of a co-knitted fabric.
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Results and discussion
Handleability of knitted fabrics in the co-knitted fabric method was easier than the film stacking method. In film stacking method, displacement of knitted fabrics in the mould occurred during pressure application. This was caused by the sliding of layers of PP films under pressure. Whereas in co-knitted fabric method, positioning of fabrics in the mould was very easy. Hence, the total setting-up time of the mould was shorter in the case co-knitted fabric method compared to the film stacking method. Moreover, co-knitted fabrics are interesting to the manufacturer of thermoplastic composite materials, due to their drapeability and the possibility of waste free near net shape production method. The fibre volume fractions in composites made by film stacking method and co-knitted fabric methods were 24.3% and 32% respectively. In both the methods, the impregnation of glass fibre bundles with PP matrix improved with increasing soaking time. Good impregnation observed when impregnation time was larger than 15 minutes. Void content was estimated to be in the range from 5% to 10%. The process parameters such as moulding pressure and moulding temperature need to be optimised to further improve the quality of knitted fabric composites.
Typical tensile stress-strain curves for wale and course tested specimens are shown in Figure 5 . The failure strains of these laminates were as high as 15%, much higher than the 2% failure strain of conventional composite materials. High failure strains make knitted fabric prepregs suitable for deep drawing and diaphragm forming techniques to fabricate components with complicated shapes. Both wale and course stress-strain curves were linear up to knee point. The stress corresponding to the wale knee point was higher than that of the course knee point. Above the knee point the slope of the stress-strain curve decreased significantly in the case of course tested specimens. The variations of tensile properties with impregnation time are shown in Figures 7 to 10 . In both the laminates, the elastic modulus and tensile strength increased with increasing impregnation time up to 15 min. above which they remained constant. The wale tensile properties were higher than the course tensile properties. The superior properties in the wale direction may be attributed to the higher amount of fibres oriented in the wale direction of the knit loop. The difference between the wale and course properties of the laminates made by film stacking method was smaller than that of the laminates made by coknitted fabric method. This may be attributed to the different knit loop sizes in simple and coknitted fabrics. Direct comparison between the tensile properties of the laminates fabricated by both the methods could not be made as their fibre contents were different.
Conclusions
It has been demonstrated that continuous fibre reinforced thermoplastic composites can be made using knitted structures as a reinforcement. A considerable advantage is seen in fabricating thermoplastic composites using co-knitted fabric method compared to the film stacking method. 
